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Abstract 
Trends like rising product complexity, interdisciplinary and diversity of variants jeopardize technology-focused 
companies’ goal of launching innovative products successfully. In this paper, a holistic approach to 
systematically deduce new product developments from technologies is presented by integrating new 
technologies in a requirements management system. The integration of this methodology with requirements 
engineering software tools is presented. Through specific information and change management mechanisms 
within such a tool reliability and efficiency of this process can significantly be improved. Hence, the approach 
and its steady application lifecycle lead to enhanced knowledge management and collaboration within product 
development teams. It is shown that the application of the methodology is adaptable to different product and 
industry types and fosters a well-integrated development process. 
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1 INTRODUCTION 
Within the last decades, technology lifecycles and product 
lifecycles were drastically shortened. Furthermore, there is 
a trend to enlarge the diversity of product variants through 
product family planning and modular design, thus creating 
numerous and fast changing versions of products 
companies are putting on the market. While product 
development methods like quality gates and FMEA 
maintain an effective and sustainable project and 
complexity management on an operative level, there is the 
rising challenge of keeping track of market trends while 
evolving and industrializing new technologies [1]. At the 
same time, being a pioneer or an early mover becomes 
more and more important as shorter product lifecycles 
force companies to have technology investments 
amortized more quickly [2]. 
In this early stage of the innovation process, methods of 
technology selection and assessment help companies to 
determine the most promising technologies for their 
competence and product portfolios [3]. Between the stages 
of technology planning and product development there is 
often a process missing that leads to strategic decisions on 
the implementation of promising technology on a product 
platform that seems most suitable [4]. Though technology 
roadmapping has found its way to become an appropriate 
method to strategically allocate technologies to product 
families or products, this strategic approach misses an 
operative tool linking technology knowledge with new 
product data [5]. Though this approach may lead to 
successful products and product families, the question 
remains whether the innovating company choose the right 
product, the right way of implementing the technology and 
document lessons learned to improve their further 
approach. 
 
2 TECHNOLOGY MANAGEMENT AND PRODUCT 
DEVELOPMENT INTERFACES 
In this chapter a brief introduction on how strategic 
technology management leads to successful innovations 
and how risks and opportunities are tracked within those 
processes is presented. Also methods of early product 
development and knowledge management in early phases 
are introduced.  
2.1 The technology management process 
According to SCHUH ET AL., processes of technology 
management (TM) generally cover all activities within a 
company to facilitate the right technologies at the right time 
to the right costs needed for actual and future demand [3]. 
However, internal processes within TM activities are often 
implicit and process as well as organizational design are 
not standardized [6]. Furthermore, differences exist 
between the definition of the regulation framework of TM 
and innovation management. In general, TM can be 
divided into different steps that cover certain areas and 
interfaces, like technology planning, technology 
assessment or technology exploitation.  
No matter how science or companies define their TM 
processes, most include the method of technology road 
mapping as core discipline to systematically plan products 
using existing and future technologies [7]. This method 
provides management a planning diagram that visualizes 
dependencies, important decisions and necessary process 
steps (see figure 1).  
 
Figure 1: Technology roadmap linking 
technologies and products 
If used consistently, R&D managers are provided with 
concrete objectives and, at the same time, top 
management is provided with insights into the operative 
development plans. Nevertheless, if and how technologies 
are adapted and integrated into new products is usually 
part of other visualizations and product information derived 
from methods used in the product development process.  
2.2 The product development process 
Compared to the technology management process, the 
product development process (PDP) has already been 
subject to many standardization and optimization activities. 
State of the art in companies and industry is, with little 
variations throughout different industries and cultural 
differences, a stage-gate process serving as the planning 
and project management basis. Widely used for securing 
the product and process quality within product 
development is the concept of quality gates (see figure 2) 
[8]. Compared to TM, the organizational structure and the 
project management in the PDP are much more 
standardized, likewise throughout industry sectors and 
cultures in a very similar way. In comparison to TM the 
PDP has a much clearer approach on the planning and 
organization layer, but gains complexity on the knowledge 
layer. Right after the start of the PDP, different types of 
data are generated within the PDP through different 
software programs or processes, like requirements, CAD 
data, test data or simulation data. There is a fast growing 
industry related to generating, planning, linking, allocating 
and updating the data within the PDP. Data can be 
understood as a discrete set of facts that turns into 
information when supplied with a meaning, while 
knowledge can be defined as a synthesis of information, 
experience, context, interpretation and reflection [9]. 
Knowledge is widely regarded as organizations’ critical 
asset to create successful products. Product related 
knowledge usually comes in different types of data formats 
and structures, and the interfaces between data formats 
and respective software tools become more and more a 
crucial role in the PDP [10].  
2.3 Interface between TM and PD 
As stated in the chapter before, TM provides information 
on the planning layer, while PDP uses and creates 
information on both the planning and the knowledge layer. 
When looking on the interface of both planning layers, 
there has been already carried out research on how an 
interface should be designed. SCHMELTER ET AL. designed a 
concept based on influencing factors and knowledge 
allocation [4]. SCHUH ET AL. looked at the topic with special 
regard to production planning and enhanced technology 
roadmapping towards production and capacity planning 
[11].  
Nevertheless, the interface between TM and the 
knowledge layer of the PDP is missing. Knowledge in TM 
exists in different forms and is barely standardized, e.g. 
technology analyses, market analyses, customer surveys 
and expert opinions.  
 
2.4 Intermediate results 
There exist a few models on how information is exchanged 
on a planning level, when looking at interfaces between 
TM and PDP. Nevertheless, the introduced knowledge 
level that is of rising relevance to PDP is presented, and a 
connection to TM seems missing. As requirements 
management is a key source for knowledge in the PDP 
and as requirements serve more and more as information 
for planning activities in the PDP, it seems advisable to 
focus on evaluating requirements management as basis 
for an interface towards TM in the next chapter. 
 
3 INTERFACE REALIZATION THROUGH 
REQUIREMENTS MANAGEMENT 
In the last years, requirements management has 
experienced rising attention in the product development 
field as integrated development concepts like systems 
engineering demand for a holistic specification [12]. With 
rising product complexity, decentralized project teams and 
more intelligent products the need to track whether and 
how products fulfill the elicited requirements get more and 
more important. Furthermore, traceability and requirements 
analysis for status reports can be executed with 
requirement software tools. 
3.1 Requirements engineering process 
According to RUPP the requirement process is subdivided 
into requirements identification, requirements elicitation, 
requirements validation and requirements management. 
Requirements management deals with selection of a 
requirements management tool or system, requirements 
analysis, reuse and traceability and the structuring of 
requirements. [13] 
The important capability of requirements management as a 
knowledge management system in the early phases of the 
PDP is its ability to serve as single source of truth for any 
technology-related information actually used in products. 
This capability lays base for an interface between TM and 
the knowledge layer of PDP. 
3.2 Requirement management systems 
Requirement management systems can be defined as the 
entirety of requirements management software tools 
(RMSW), the defined requirement management process 
and related organizational structure. Requirement tools 
have to fulfill a list of user requirements that can be found 
in the assessment study conducted by HOFMANN ET AL [14]. 
Most importantly, RMSW stores information and 
knowledge in a database and provides a context and user 
specific access to knowledge. The capability to have this 
knowledge structured and related between different 
research projects, for example through libraries or item 
linking, is an important feature to include technology 
related information within a RMSW in a structured manner. 
3.3 Intermediate results 
The overview underlines how RMSW, if properly used, can 
include relevant knowledge from new and existing 
technologies and relate it to product knowledge. 
Nevertheless, a process-oriented approach is needed in 
order to systematize the connection between technology 
knowledge and product development knowledge. 
 
4 TECHNOLOGY INTEGRATED REQUIREMENTS 
MANAGEMENT 
To overcome the emphasized knowledge transfer gap 
between TM and PDP a new methodology is proposed. 
The technology integrated requirements management 
Figure 2: Quality Gates in the PDP 
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methodology (TiRM) consists of a process model, defined 
input and output interfaces and system requirements. 
 
Figure 3: The TiRM process model 
4.1 Process model 
The TiRM process model consists of 4 phases as shown in 
figure 3. It starts with the phase ‘technology database 
integration’, where new and existing technologies become 
a structured part of the requirement management system 
as an own library or database. When new technologies are 
integrated on a planning level, technology-related 
knowledge is to be structured and included in the used 
requirements tool. Subsequently, new technology is linked 
with existing technology and, if appropriate, existing 
products or product families in the tool. In the next step, 
‘technology based product planning’, the technology is 
linked to new development projects that can be again part 
of existing product families. If not, these new products 
have to be created in the tool, a common process of PDP. 
As product-related knowledge and data is growing 
throughout the following PDP processes, technology-
related knowledge is doing so likewise. It is advisable to 
restore this knowledge systematically within the PDP 
through frequent technology knowledge re-integration 
meetings, which is the main TiRM activity in the 
‘technology knowledge reintegration’ phase. As this 
knowledge enhances in later phases of the product 
lifecycle like manufacturing, use and disposal, this process 
step can be conducted throughout the whole product 
lifecycle. In order to use synergies when using the 
technology in similar product development projects for 
different products, those meetings should be cross-
departmental and cross-platform. After a first successful 
market application of those new technologies, methods of 
technology assessment and technology exploitation are 
used in the next phase, ‘technology reassessment’. Within 
this phase lessons learned are processed and 
technologies are evaluated for the strategic decision-
making process. This last step usually comprises 
assessment of new technologies via roadmapping, which 
leads to reapplication of the TiRM process to new 
technologies. 
4.2 Input and output interface 
As knowledge generated in TM is put into the same data 
format as knowledge created through the requirements 
management process for product-related knowledge, the 
interface lies within the tool and is of a mere technical 
nature. More interesting is the ideal or needed interface 
between planning information and planning tools on one 
side and the technology-related knowledge on the other. It 
helps to look at the interface of state-of-the-art RMSW 
towards product planning tools and processes. As design 
review or quality gate meetings form the most important 
planning step within the PDP, interfaces are designed to 
provide the right information for these meetings. RMSW 
therefore provides multiple configurable reporting output 
formats such as PDF files, XML files or MS Excel files. 
This of course necessitates the capability to structure and 
preselect the right information in the RMSW. Besides, 
model-based RMSW is capable of displaying planning 
schemes through visualization diagrams, e.g. through UML 
or SysML diagrams. 
Looking at the most important interrelating technology 
planning tool, the technology roadmap, one can draft two 
basic concepts for the interface between planning and 
knowledge: a internal and external interface. The first 
concept requires the RMSW being capable of displaying a 
technology roadmap, e.g. through UML or SysML. So far, 
no such implementation has been carried out in theory or 
practice, but technical requirements are fulfilled. The latter 
concept requires a manual step of converting technology 
roadmap information into RMSW data and backwards, as 
there is no data format standard for technology 
roadmapping. This concept has to be defined in internal 
job instructions and trained well by staff, and besides bares 
the risk of human failure. 
4.3 Process and tool requirements 
During research, a few requirements for the holistic 
application of the TiRM methodology have been identified. 
Generally, they can be classified into technical 
requirements to the RMSW and process-related 
organizational requirements regarding the applying 
company.  
Technical requirements 
Concerning relevant RMSW requirements, a 
comprehensive list should at least include the following 
requirements: 
● The RMSW shall work with accessible databases or 
libraries that are changeable and structured. 
● The RMSW shall be capable of structuring information 
for an appropriate reuse throughout different product 
development projects. 
● Requirements and other items have to be linked in an 
explicit way, e.g. through ‘satisfy’-relations, simple 
relations and ‘derive’-relations. 
● The RMSW has to provide selected data in data 
formats readable by other tools, especially with regard 
to technology and product planning. 
Besides, general technical requirements regarding 
interoperability, collaborative work, security, scalability and 
many more issues have also to be fulfilled, but these 
remain requirements to a requirement system in general. It 
is advisable to refer to exhaustive essays like provided by 
HOFFMANN ET AL. [14]. 
Organizational requirements 
It is necessary to assess a company’s capability to track 
and record its own TM and PDP. Though this seems 
obvious, it is common knowledge that especially small and 
medium sized enterprises struggle with concrete process 
descriptions in PDP and especially TM. Hence it can be 
challenging to fulfill the following basic requirements: 
● The company shall have a detailed PDP according to 
a relevant industry standard (e.g. APQP). 
● The PDP shall have distinct stage-gates or quality 
gates where status is controlled against specified 
measures (preferably including requirements as 
measures). 
● Technology planning shall be executed frequently and 
tool-supported (preferably by technology road 
mapping). 
● Requirements management has to be a specified 
(preferably quantified) work package during product 
development. Preferably it is seen as beneficiary and 
staff is trained to elicit and discuss requirements 
appropriately and effective [15]. 
 
4.4 Intermediate results 
In this chapter, the TiRM methodology was introduced and 
explained in detail. It was shown what requirements exist 
and how interfaces on a tool and knowledge level could be 
designed. It is now necessary to validate the methodology 
on an example and see whether and how the methodology 
is adaptable to different industries and applications.  
 
5 APPLICATION 
In cooperation with a German company of the machinery 
equipment sector the methodology was examined and 
tested in detail. The company is producer of an important 
configure-to-order industry good with medium-sized lot 
sizes (between 10-1.000 pieces per order) and claims 
technological and quality leadership, which makes it crucial 
to assess technologies early and put stress on a conflict 
free integration into the products. There is a product family 
strategy and products are designed following a detailed 
development process according to VDI 2221 [16]. 
Technologies are planned and assessed in a development 
panel between company top management and R&D 
leaders, sometimes including external experts. As no 
RMSW was used so far but was planned, a demonstrator 
that was developed within the funded CORNET project 
(see Acknowledgements) was used to do so. 
The demonstrator fulfills the technical requirements stated 
previously and the organization of the company fulfills the 
organizational requirements. 
For a planned technology-driven product family upgrade 
that was carried out three development projects were 
established for three different product families (within 
process step 2 ‘technology based product planning’. The 
technology was described in the demonstrator in a 
technology library before within step 1 ‘technology 
database integration’. Within a trimonthly technology 
review meeting experiences were exchanged between 
project teams and the database was updated. The final 
review meeting could not be carried out within the project 
execution, but a theoretic assessment was carried out 
internally after testing phase. 
Results showed that the methodology was usable and 
could also be carried out to other business units and even 
suppliers or customers, though this was not tested in 
detail. 
 
6 SUMMARY 
It has been shown that a consistent methodology to link 
technology-related knowledge with technology planning 
and product-related knowledge is missing. Furthermore, 
with TiRM a software-based approach to fill the gap is 
presented and validated on an industry case. General 
requirements to organization and tool support through 
requirements management software are pointed out and 
interface design is presented.  
Further research may be carried out with regards to an 
internal tool support of technology roadmapping in 
requirements management software and on the problem of 
inter-organizational usage of the TiRM methodology. Also, 
validation was carried out concerning the adaptability to 
similar discrete producing industries, but regarding 
services, software products or nondiscrete products 
validation would require detailed and context-specific use 
cases. 
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